The third edition of the *Handbook of Proteolytic Enzymes* aims to be a comprehensive reference work for the enzymes that cleave proteins and peptides, and contains over 800 chapters. Each chapter is organized into sections describing the name and history, activity and specificity, structural chemistry, preparation, biological aspects, and distinguishing features for a specific peptidase. The subject of Chapter 494 is Sindbis Virus nsP2 Endopeptidase.
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Databanks {#s0010}
=========

*MEROPS name*: sindbis virus-type nsP2 peptidase

*MEROPS classification*: clan [CN](http://merops.sanger.ac.uk/cgi-bin/merops.cgi?id=CN), family [C9](http://merops.sanger.ac.uk/cgi-bin/merops.cgi?id=C9), peptidase [C09.001](http://merops.sanger.ac.uk/cgi-bin/merops.cgi?id=C09.001)

[*Species distribution*](http://merops.sanger.ac.uk/cgi-bin/merops.cgi?id=C09.001;action=sequences): known only from Sindbis virus

*Reference sequence from*: Sindbis virus (UniProt: [P03317](http://www.uniprot.org/uniprot/P03317))

Name and History {#s0015}
================

Sindbis virus (family Togaviridae, genus *Alphavirus*) is an animal virus with a single molecule of positive-strand RNA 11 703 nucleotides in length as its genome. The genomic RNA is a message for production of four non-structural proteins which are translated in the cytoplasm of the infected cell as two polyproteins, P123 (1896 amino acids) and P1234 (2513 amino acids, produced by read-through of an opal termination codon at position 1897). The P1234 polyprotein is processed by the ***nsP2 proteinase*** through a series of cleavage intermediates into the four final products nsP1, nsP2, nsP3 and nsP4, named in order 5′ to 3′ along the genome. Since cytoplasmic, nonorganelle-bound proteinases are rare in animal cells, a virally encoded activity was predicted as early as 1981 [@bib1]. The proteinase was localized to the C-terminal half of nsP2 by translation *in vitro* of RNA transcribed from deleted or truncated full-length cDNA clones of Sindbis virus. Deletions within nsP1, nsP3 and nsP4 did not affect proteolysis, but deletions in the C-terminal half of nsP2 abolished proteinase activity, and deletions in the N-terminal half of nsP2 led to aberrant processing [@bib2], [@bib3]. At the same time, several mutations that rendered the proteinase temperature sensitive were found to lie in the C-terminal half of nsP2 [@bib4]. Site-specific mutagenesis of Cys and His residues in this domain that are conserved among alphaviruses later showed that Cys481 and His558 are essential for proteolytic activity, and it was proposed that these constitute the catalytic dyad of a cysteine proteinase [@bib5].

Activity and Specificity {#s0020}
========================

The only known substrates for the Sindbis nsP2 proteinase are the Sindbis non-structural polyproteins (P123 and P1234) and their cleavage intermediates (which include P12, P23 and P34). The consensus cleavage site is (Ala/Ile/Val/Ser)-Gly-(Ala/Xaa)↓(Ala/Tyr). Mutational studies have demonstrated that the invariant Gly in the P2 position is essential for efficient cleavage; changing this Gly to Ala led to substantially slower cleavage of the mutated site, and substitution with Val or Glu rendered the site completely uncleavable [@bib6]. Similarly, an Ala or Gly was found to be essential in the P1 position for efficient cleavage in Sindbis virus (Cys was not tested) [@bib7]. The enzyme is relatively insensitive to the identity of the residue in the P1′ position, however [@bib7]. It is thought that additional determinants of specificity must exist, since these are the only sites cleaved by the enzyme. In this regard it has been shown that different polyproteins containing the nsP2 proteinase differ in their preferences for the three cleavage sites, suggesting that cleavage-site recognition involves more extensive interactions than the simple recognition of a short linear sequence by the enzyme [@bib7].

Structural Chemistry {#s0025}
====================

Sindbis nsP2 is a polypeptide of 807 amino acids encoded by nucleotides 1680--4100 of the genome. The N-terminal half of the protein is believed to be a helicase required for RNA replication. The C-terminal domain between residues 460 and 807 constitutes the proteinase [@bib2]. Both Cys481 and His558, the putative catalytic dyad, are followed by tryptophan residues, and Trp559 has been shown to be essential for proteolysis. These two aromatic residues may interact (stack) to maintain proper conformation of the catalytic pocket [@bib5]. Substitution of Asn614 by Asp enhances cleavage; an Asn residue has been shown previously to be associated with the catalytic pocket in papain [@bib8]. Mutations Phe509Leu, Ala517Thr, Asp522Asn and Gly748Ser have been shown to render the proteinase temperature sensitive *in viv*o; these mutations are believed to alter the structure of the protein [@bib9]. The proteinase has been hypothesized to be related to papain on the basis of alignment studies [@bib10], [@bib11], but there is very limited sequence identity between the nsP2 proteinase and papain to support this hypothesis [@bib5]. No structural studies of the enzyme have been produced to date.

Preparation {#s0030}
===========

Sindbis virus has a very wide host range and tissue distribution, and infects many types of cells in culture, including avian, mammalian and mosquito cells. The genome of the infecting virus is a messenger RNA from which the non-structural proteins are translated in the cytoplasm of infected cells. Both nsP2 and polyproteins containing nsP2 have also been expressed by translation in reticulocyte lysates of virion RNA or of *in vitro* transcribed RNA [@bib2], [@bib3], [@bib5], [@bib7], [@bib12], and by translation in bacteria or in mammalian cells of appropriate constructs [@bib13], [@bib14].

Biological Aspects {#s0035}
==================

Both nsP2 and polyproteins containing nsP2 are active proteinases, but they differ in their site preferences. The activities of the enzyme have been studied both *in vitro* (referenced above) and in infected or transfected cells [@bib6], [@bib7], [@bib9], [@bib12], [@bib14], [@bib15]. In many of these studies, site-directed mutagenesis was used to destroy cleavage sites or to inactivate the proteinase. These studies have shown that P1234 can cleave itself autoproteolytically in *cis* to give P123 and nsP4, whereas P123 can be cleaved only in *tran*s. Cleavage of P123 by another P123 molecule or by P12 produces nsP1 and P23, whereas cleavage by P23 produces predominantly P12 and nsP3. Finally, enzymes that lack nsP3 (that is, nsP2 or P12) cannot cleave the nsP3/nsP4 site. These preferences lead to a temporal regulation of RNA synthesis during the infection cycle. Early in infection P123 and nsP4 are produced, and together with host factors these form a replicase complex that synthesizes negative-strand RNA. Cleavage of P123 in the replicase complex produces a replicase that synthesizes positive-strand RNAs very efficiently, but cannot make negative strands [@bib14], [@bib15]. As the concentration of *tran*s-acting proteinases builds up, the non-structural polyprotein is cleaved while nascent at the nsP2/nsP3 site, and the products produced are nsP1, nsP2, nsP3 and P34. Negative-strand RNA synthesis is then shut off, because the cleaved products cannot form a negative-strand replicase. The use of the non-structural proteinase to control the RNA developmental pathway represents an interesting evolutionary adaptation of the need of viruses to encode proteinases to process polyproteins in the cell cytoplasm.

Related Peptidases {#s0040}
==================

All alphaviruses encode nsP2 proteinases that share more than 50% amino acid sequence identity. Sequences of nsP2 proteinases that have been deposited in the databases include those for Sindbis virus, eastern equine encephalitis virus, O'nyong-nyong virus, Ross River virus, Semliki Forest virus, Venezuelan equine encephalitis virus, western equine encephalomyelitis virus, Barmah Forest virus, Mayaro virus, and Sagiyama and Aura viruses.

All alphavirus non-structural cleavage sites are of similar form ([Table 504.1](#t0010){ref-type="table"} ) (reviewed in Strauss & Strauss [@bib16]).Table 504.1Substrate sequences of alphavirus nonstructural proteinase cleavage sites.P4P3P2P1P1−P2−P3−P4−nsP1/nsP2XaaAla/IleGlyAla/Glu ↓Ala/GlyXaaValGlunsP2/nsP3XaaAla/Val/SerGlyAla/Cys/Arg/Ser ↓AlaProSer/AlaTyrnsP3/nsP4XaaAla/ValGlyAla/Gly ↓TyrIlePheSer

The extensive sequence similarity between the nsP2 proteinases and the similarity in the cleavage sites suggest that the proteinases must be very similar to one another, but no tests of cross-cleavage have been done to determine how specific each enzyme is for its own substrate. Similar papain-like endopeptidases, which may have a common evolutionary origin, have been reported for a number of plant and animal viruses, including rubella virus, a number of coronaviruses, a number of potyviruses, a tymovirus and hypovirulence-associated virus of fungi [@bib5], [@bib11].
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